Abstract -The objective of this study was to develop a standardized protocol for the capturing and analysis of endoscopy digital images for subsequent use in a Computer Aided Diagnosis (CAD) system in gynaecological cancer. Images were captured at optimum illumination and focus at 720x576 pixels using 24 bits color in the following cases: (i) for a variety of testing targets from a color palette with known color distribution, (ii) different viewing angles and distances from calf endometrium, and (iii) images from the human endometrium. Images were then gamma corrected and their classification performance was compared against that of nongamma corrected images. No significant difference in texture features was found between the close up and panoramic views, and between angles, either before or after gamma correction. There was significant difference in certain texture features between normal and abnormal endometrium, both before and after gamma correction. Our findings suggest that proper color correction can significantly impact CAD system performance, and we recommend its application prior to quantitative texture analysis in gynaecological endoscopy.
I. INTRODUCTION
ysterocopy is considered the gold standard technique for diagnosis of intrauterine pathology [1] . The physician guides the telescope connected to a camera inside the human body in order to investigate suspicious lesions of cancer [2] . The objective of this study was to develop a standardized protocol for the capturing and analysis of hysteroscopy digital images for subsequent use in a Computer Aided Diagnosis (CAD) system in gynaecological cancer.
To the best of our knowledge, no similar study was carried out for hysteroscopy imaging. In previous work, we used experimental tissue, the abdominal cavity of a butcher chicken, comparing texture feature variability under different viewing conditions such as different angles (with 5 degrees difference) and different distances (at a distance of 3 cm in close up and 5 cm in panoramic) from the imaged object [3] . The results indicated that for small consecutive angles there is no significant difference in texture features analysis but there is significant difference when comparing panoramic vs. close up views [3] . In another study our group, demonstrated that some texture features can be used to differentiate between normal and abnormal endometrium images captured during hysteroscopy [4] . However, in both [3] , [4] , the images were not gamma corrected. Instead, image intensity normalization was addressed by the doctors by adjusting camera gain so that a medical band appears well balanced on the screen. This approach is bound to introduce many sources of variability in the acquisition. We investigate the use of gamma correction that allows us to standardize image acquisition, irrespective of the optical system, and study its effect on both image classification, and visual examination.
In this paper, in section II, the methodology followed in this study is described. Section III presents the results, and section IV the concluding remarks.
II. METHODOLOGY

A. Recording of Video
The CIRCON IP4.1 [5] endoscopic camera was used. The analog output signal of the camera (PAL 475 horizontal lines) was digitized at 720x576 pixels using 24 bits color at 25 frames per second, and was then saved in AVI format. The Digital Video Creator 120 frame grabber was used [6] .
B. Testing Targets
The testing targets were obtained from the Edmund Industrial Optics Company [7] . Twenty four testing targets were selected from a color palette. Images were captured using the CIRCON camera and the corresponding targets were digitally generated based on the data given by the Edmund Optics Company. ROIs of 64x64 pixels were segmented for all colors except for black. The captured images and the digitally generated ones were used for computing the parameters of the gamma correction.
C. Gamma Correction Algorithm
Most of the cameras have a nonlinear relationship between the signal voltage and the light intensity [8] . The light intensity input to the endoscopy camera or the output of the display is proportional to the voltage raised to the power gamma as shown in equation (1) . 
Note that org X is replaced with cor X .
The Mean Square Error (MSE) was computed between the original and the recorded or gamma corrected images for each colour component using the following equation:
D. Experimental Set Up and Material
Using one calf endometrium we collected 10 sets of images under different viewing conditions: (i) close up vs. panoramic view (approximately at a distance of 4 cm in close up and 7 cm in panoramic view from the target) and (ii) angle1 vs. angle2 (with 2 degrees difference). The physician segmented manually the same ROI in all views (see Fig. 1 ).
In a different experiment using human endometrium a total of 25 ROIs of normal and 25 ROIs of abnormal endometrium were captured by the physician from three women. ROIs were of 64x64 pixels (see Fig. 2 ).
E. Feature Extraction
ROI images were transformed into grayscale and the following texture features [10] were computed:
Statistical Features (SF): SF features describe the gray level histogram distribution without considering spatial independence. The following texture features were computed: 1) Mean, 2) Variance, 3) Kurtosis and 4) Entropy.
Spatial Gray Level Dependence Matrices (SGLDM):
The spatial gray level dependence matrices as proposed by Haralick et al. [11] are based on the estimation of the second-order joint conditional probability density functions that two pixels (k, l) and (m, n) with distance d in direction specified by the angle , have intensities of gray level i and gray level j. Based on the estimated probability density functions, the following four texture measures out of the 13 proposed by Haralick et al. [11] were computed: 1) Contrast, 2) Correlation, 3) Homogeneity, and 4) Entropy. 
III. RESULTS
The values of c , b and , were computed solving (1) with the captured testing targets as rec X , and the computer generated testing targets as org X . Table I tabulates these values for the CIRCON camera for the red, green, and blue components. The MSE was of-course reduced after applying gamma correction. Using the values of c , b and , the images captured for that particular session, images were corrected using (2). Figure 1 illustrates the original images captured from calf endometrium in the cases of close up and panoramic views and angle1 and angle2, whereas Fig. 2 illustrates two cases of normal and abnormal human endometrium real images. In both figures, the corresponding images after gamma correction are shown. The gamma corrected color images were visually better than the originals.
Tables III and IV tabulate the texture features for the calf endometrium for the gamma corrected close up and panoramic views, angle1 and angle2 respectively. It is clearly shown that there was no significant difference between the close up and panoramic views and between angle1 and angle2. It is noted that the same applies for the original images. Also, there was no significant difference between the originals and gamma corrected images in all cases (close up, panoramic, angle1 and angle2). Table V tabulates the median values of the SF and SGLDM texture features for the endometrium before and after gamma correction. There was a significant difference between normal and abnormal endometrium, both between the original and gamma corrected images. Also, the statistical results of the comparisons between original and gamma corrected images; for both normal and abnormal tissue illustrate that there was a significant difference in most of the texture features (see last two columns of Table V respectively). 
IV. CONCLUDING REMARKS
Concluding, results showed that the gamma corrected color images were visually better than the originals. There was no significant difference in texture features between the close up and panoramic views, and between angles, either before or after gamma correction. There was significant difference in certain texture features between normal and abnormal endometrium, both before and after gamma correction. Based on these findings, a standardized protocol for the capturing and analysis of endoscopy digital images for subsequent use in a CAD system in gynaecological cancer is proposed (see Fig. 3 ).
It is anticipated that the standardized capturing and analysis of endoscopy images will facilitate the creation of digital libraries of endoscopy images for a variety of tissues in gynaecological cancer including the endometrium, the ovary, the cervix and other. These images could be captured in different endoscopy clinics, not only under different sessions from the same endoscopy imaging system (i.e. telescope, light source) but with different endoscopy cameras and different endoscopy imaging systems. Although for the capturing of images in the latter two set ups, further validation studies will be required.
Future work will capture images from more cases, as well as, investigate multiscale texture analysis, and the development of a CAD system based on neural network and statistical classifiers.
1. Calibrate the endoscopy camera following the guidelines by the manufacturer (i.e. white balance). 2. Capture the 24 color ROIs using the color palette and digitally generated based on the data given by the manufacturer. 
